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(g) A spark plug voltage detecting probe device for use in internal combustion engine. 



(57) In a sparkplug voltage detecting probe device 
for use in internal combustkm engine compris- 
ing, a sensor is provided to fonm a static capaci- 
ty between the sensor and an ignition coil which 
Is connected to a spark plug. A sparkplug volt- 
age divider circuit has a capacitor connected 
between the sensor and the ground. A release 
circuit has a resistor connected in parallel with 
the capacitor so as to provide a time constant of 
a RC path. A short circuit is provided to instan- 
taneously release an electrical charge from the 
capacitor either immediately before establish- 
ing a spark voltage for the spark plug or inv 
mediately after initiating the spark action of the 
spark plug. A sparkplug voltage wavefomn de- 
tecting circuit detects a sparkplug voltage 
wavefomn divided by the sparkplug voltage di- 
vider circuit. 
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This invention relates to a sparkplug voltage de- 
tecting probe device which detects a sparkplug vol- 
tage waveform applied to a spark plug in an internal 
combustion engine. 

With the demand of purifying emission gas and 5 
enhancing fuel efficiency of internal combustion en- 
gine, it has been necessary to detect filing conditions 
in each cylinder of the internal combustion engine so 
as to protect the internal combustion engine against 
any type of misfire. In order to detect the firing con- io 
dition in each of the cylinders, the applicant of the 
present patent application discloses a misfire detect- 
ing device in Japanese Patent Application No. 3- 
80107. In this device, a sensor is provided to form a 
static capacity between the sensor and a secondary is 
circuit of an ignition coil, and a sparkplug voltage div- 
ider circuit is provided to divide the sparkplug voltage 
by the static capacity and a capacitor connected be- 
tween the sensor and the ground. In parallel with the 
capacitor, a resistor is connected to form a RC path. 20 
The step-up level of the sparkplug voltage is detected 
after a spark plug terminates the spark action. The 
device Is made on the fact that the step-up level is en- 
hanced more when a misfire occurs than when the 
normal combustion occurs. 25 

In this device, it is, however, necessary to deter- 
mine a time constant of the RC path to be approxi- 
mately 10 milliseconds so as to detect a sparkp! jg 
voltage waveform within an ignition timing of all the 
rpm region from low rpm to high rpm of an internal 30 
combustion engine. 

When it takes long time for the step-up sparkplug 
voltage to be released, the subsequent spark action 
has been initiated before the capacitor had been conr>- 
pletety discharged to raise a zero point level (refer- 35 
ence voltage level) more than the ground voltage lev- 
el. For this reason, the average level of the sparkplug 
voltage becomes relatively high to raise the zero point 
level so as to make the sparkplug voltage waveform 
sink under the zero point level. This is particularly 40 
true when the misfire often occurs, otherwise the 
spark action includes ineffective spark discharge 
which appears in a stroke of exhaustion as with the 
case in which a distributorless igniter (DLI) is incorpo- 
rated into a sparkplug voltage detecting probe. 45 

From the reason that the burning conditions in a 
cylinder are detected by measuring the sparkplug vol- 
tage level exceeding the zero point level, the detec- 
tion precision the burning conditions deteriorates 
when the step-up level of the sparkplug voltage after so 
the end of the spark action is not high with the engine 
running at low rpm. Especially in the sparkplug vol- 
tage detecting probe into which DLI is incorporated, 
the variation of the sparkplug voltage waveform 
caused from the ineffective spark discharge is small ss 
so as to worsen the detection precision. 

Therefore, it an aim of the invention to provide 
a sparkplug voltage detecting probe device for use in 



internal combustion engine which is capable of pre- 
venting the zero point level of the reference voltage 
firom inadvertentiy rising, and precisely detecting a 
characteristic of the sparkplug voltage waveform in 
all the rpm region from low rpm to high rpm of an in- 
ternal combustion engine. 

According to the invention, there is provided a 
sparkplug voltage detecting probe device for use in in- 
ternal combustbn engine. In the device, a sparkplug 
voltage divider circuit has a capacitor connected be- 
tween the sensor and the ground. A release circuit 
has a resistor connected in parallel with the capacitor 
so as to provide a time constant of a RC path. A short 
circuit is provided to instantaneously release an elec- 
trical charge from the capacitor either immediately 
before establishing a spark voltage for the spark plug 
or immediately after initiating the spark action of the 
spark plug. A sparkplug voltage waveform detecting 
circuit detects a sparkplug voltage waveform divided 
by the sparkplug voltage divider circuit. 

Such Is the structure that the electrical charge 
has been released from the capacitor by the short cir- 
cuit immediately before the sparkplug voltage ap- 
pears, thus making it possible to maintain the zero 
point level low substantially equal to the ground vol- 
tage level so as to precisely detect the characteristk; 
of the sparkplug voltage waveform. 

These and other objects and advantages of the 
invention will be apparent upon reference to the fol- 
lowing specification, attendant daims and drawings. 
Fig. 1 is a schematic view of an ignition circuit of 
an internal combustion engine into which a spark- 
plug voltage detecting probe device is incorporat- - 
ed according to a first embodiment of the inven- 
tion; 

Fig. 2 is a view of a sparkplug voltage waveform 
shown for the purpose of explaining how the 
sparkplug voltage waveform detecting circuit 
works; 

Fig. 3 is a view similar to Fig. 1 according to a sec- 
ond embodiment of the invention; and 
Fig. 4 is a schematic view of a sparkplug voltage 
waveform detecting circuit according to the sec- 
ond embodiment of the invention. 
Referring to Fig. 1 which shows a distributorless 
type ignition device 100 for a four-cylinder internal 
combustion engine into which a sparkplug voltage de- 
tecting probe device is incorporated, the ignitton de- 
vice 100 has ignition coils 1, 2 which in turn includes 
primary circuits la, lb and secondary circuit 2a, 2b 
with a vehicular battery cell (V) as a power source. 
The primary circuits 1a, lb have primary coils (L10), 
(L11) each electrically connected in series with a 
switching device 41 and a signal generator 42, while 
the secondary circuits 2a, 2b have secondary coils 
(L20), (L21 ) respectively. By way of a diode D1 and a 
cable CI, one end (La) of the secondary coil (L20) is 
connected to a spark plug 11 in a first cylinder A1 of 
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the Internal combustion engine. By way of a diode D2, 
and a cable C3. the other end (Lb) of the secondary 
coil (120) is connected to a spark plug 12 in a third cy- 
linder A3 of the internal combustion engine. By way 5 
of a diode D3 and a cable C2. one end (Lc) of the sec- 
ondary coil (L21) is connected to a spark plug 21 In a 
second cylinder A2 of the internal combustion engine. 
By way of a diode D4, and a cable C4, the other end 
(Ld) of the secondary coil (L21) is connected to a 10 
spark plug 22 in a fourth cylinder A4 of the Internal 
combustion engine. 

The switching device 41 and the signal generator 
42 forms an interrupter circuit 4 which detects a crank 
angle and a throttling degree of the engine by means is 
of an electronic control unit (ECU). The interrupter cir- 
cuit 4 on-off actuates a primary current flowing 
through the primary coils (L10). (L11) to Induce a 
sparkplug voltage in the secondary coils (L20), (L21) 
ofthe secondary circuits 2a, 2b in away that the tim- 20 
ing of the spark actton corresponds to an advance- 
ment angle relevant to a revolution and a load of the 
engine. 

The sparkplug voltage detecting probe device ac^ 
cording to the present invention includes a voltage 25 
divkier circuit 5 and a sparkplug voltage waveform 
detecting circuit 6. The voltage divider circuit 5 divides 
a sparkplug voltage drawing through the cables CI ~ 
C4 to the spark plugs 11. 21, 12 and 22. The spark- 
plug voltage waveform detecting circuit 6 detects a 30 
sparkplug voltage waveform on the base of the out- 
put from the voltage divider circuit 5. To the sparkplug 
voltage waveform detecting circuit 6, a distinction cir- 
cuit 7 is connected to analyse the sparkplug voltage 
waveform so as to detect whether or not a misfire oc^ 35 
curs in the cylinders A1 - A4 of the internal combus- 
tion engine. 

The voltage divider circuit 5 has a positive side 
voltage divider 5P and a negative skle voltage divider 
5M. In the dividers 5P, 5M. sensor 51 . 51 a are provid- 40 
ed respectively in the form of rectangular Insulator so 
as to form a static capacity (1 pF) between the sensor 
51 arid the cables CI , C2, and at the same time, form- 
ing a static capacity (1 pF) t>etween the sensor 51a 
and the cables C3. C4. Sparkplug voltage dividing cir- 45 
cults 50. 50a are provided as capacitors 52, 52a (3000 
pF). The capacitor 52 is connected between the sen- 
sor 51 and the ground. In parallel with the capacitor 
52. a resistor 53 is connected as a release circuit to 
define a time constant of a RC path. By way of a bat- so 
tery cell (Bv), a PNP transistor 55 is connected in par- 
allel with the resistor 53, a base of which is connected 
to a collector of an NPN transistor 54 to serve as a 
short circuit which is adapted to instantaneously re- 
lease an electrical charge from the capacitor 52 inv 55 
mediately before establishing a spark voltage for the 
spark plug. 

Meanwhile, the capacitor 52a is connected be- 
tween the sensor 51a and the ground. In parallel with 



the capacitor 52a. a resistor 53a is connected as a re- 
lease circuit to define a time constant of a RC path. 
In parallel with the resistor 53a, an NPN transistor 54a 
is connected to serve as a short circuit which is adapt- 
ed to instantaneously release an electrical charge 
from the capacitor 52a immediately before establish- 
ing the spark voltage for the spark plug. To the base 
of each of the transistors 54, 54a, is the electronic 
control unit (ECU) connected which generates a reset 
pulse signal immediately before the end of the spark 
action. The sparkplug voltage dividing circuit 50 is 
connected to an adder circuit 6c by way of an inverse 
operational amplifier 6a, while the sparkplug voltage 
dividing circuit 50a is connected to an adder circuit 6c 
by way of an operational amplifier 6b. 

The voltage dividers 5P, 5M divide the sparkplug 
voltage induced from the secondary circuit 2a by the 
order of 1/3000, which makes it possible to determine 
the time constant of RC (R:2Mn) path to be approxi- 
mately 6 milliseconds to render an attenuation time 
length of the sparkplug voltage waveform relatively 
longer (3 milliseconds) as described hereinafter. 

In this instance, the sparkplug voltage 30000 V 
divided to the level of 1 0 V is inputted to the sparkplug 
voltage waveform detecting circuit 6 to which the ad- 
der circuit 6c is connected. Immediately before initiat- 
ing the spark action, the electronic control unit (ECU) 
generates the reset pulse signal to energize the tran- 
sistors 54, 54a so as to instantaneously release the 
electrical charge from the capacitors 52, 52a. 

The sparkplug voltage detecting circuit 8 has a 
peak hold circuit 61 which is reset by an on-signal (in- 
version to high level) from the signal generator 41, 
and receives a sampling signal from the ECU to de- 
tect a peak hold level at a predetermined elapse of 
time after initiating the spark action so as to detect a 
step-up level of the sparkplug voltage after the end 
of the spark action. 

With the structure thus far described, the signal 
generator 42 of the interrupter circuit 4 outputs pulse 
signals as shown at (1) in Fig. 2 in order to induce the 
primary current in the primary circuits la, lb as 
shown at (2) in Fig. 2. The ECU generates the reset 
pulse signal immediately before the end of the spark 
action as shown at (2) in Fig. 2. By means of the reset 
pulse signal, the electrical charge is instantaneously 
released from the capacitors 52, 52a through the 
transistors 54. 54a immediately before establishing 
the spark voltage for the spark plugs in the cylinders 
A1 A4 of the internal combustion engine. This 
makes it possible to make the reference voltage level 
substantially equal to the ground voltage level so as 
to generate a sparkplug voltage waveform as shown 
at (3). (4) in Fig. 2. 

The spark voltage waveform P has short and tall 
waveform PI caused firom an capacitive discharge 
which accompanies with a gradual waveform P2 
caused from an inductive discharge. As the end of the 
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spark action approaches, the sparkplug voltage in- 
creases to show a peak voltage P3 to serve as a step- 
up voltage. 

Meanwhile, the voltage waveform level Q of the 
Ineffective spark discharge Is approximately half of 
that of the normal spark action, and having a longer 
attenuation time of the step-up voltage level than the 
waveform P1 has after the end of the spark action. 
This is because the ineffective spark discharge oc- 
curs In a stroke of exhaustion in which no bnized par- 
ticles are present around the spark gap of the spark 
plug. That is to say, the voltage waveform level Q of 
the ineffective spark discharge has the longer attenu- 
ation time the same as the normal spark has when 
the misfire occurs in a stroke of combustion. 

In the sparkplug voltage waveform detecting cir- 
cuit 6, the peak hold circuit 61 is reset by the ECU in 
synchronization with the on-signal (inverse to high 
level) of the signal generator 42 as shown at (5) in Fig. 
2. The peak hold circuit 61 holds the peak voltage lev- 
el stepped up after the end of the spark action, and 
outputs the attenuation time length necessary to de- 
scend the sparkplug voltage to half of the peak vol- 
tage level by way of example. The distinction circuit 7 
determines that the misfire occurs when a pulse 
width exceeds a predetermined level as shown at (6) 
in Fig. 2. 

Fig. 3 shows a second embodiment of the inven- 
tion which differs firom the first embodiment In that a 
PNP transistor 55a is provided in the positive side div- 
ider 5P as provided in the first embodiment of the in- 
vention. There are also provided NPN transistors 84a, 
84 each connected in parallel with the capacitors 52a, 
52 in the positive side divider 5P and the negative 
side devider 5M in the second embodiment of the in- 
vention. 

In the positive side divider 5P and the negative 
side divider 5M, NPN transistors 84a, 84 are in turn 
connected in parallel with the capacitors 52a, 52 In 
the second embodiment of the Invention. 

In the positive side divider 5P and the negative 
side divider 5M, the transistors 55, 54 (55a, 54a) are 
energized by the reset pulse signal outputted from the 
ECU immediately after initiating the spark action so 
as to instantaneously release the electrical charge 
from the capacitors 52a, 52. In this Instance, the ECU 
generates the reset pulse signal during the time from 
which a high sparkplug voltage Is generated to which 
the spark action has initiated. The transistors 54. 54a 
short-circuit the secondary circuits 2a, 2b respective- 
ly when it takes long time to release the sparkplug vol- 
tage so that the subsequent spark action is initiated 
to rise the reference voltage level to the positive side 
from the ground voltage level before the stray capaci- 
ty charge inherent in the spark plugs is not completely 
released. The transistors 55, 55a short-circuit the 
secondary circuits 2a. 2b when the reference voltage 
level drops to the negative side from the ground vol- 



tage level. 

The the secondary circuits 2a, 2b are short- 
circuited by the reset pulse signal immediately after 

5 the end of the spark action because the sparkplug 
voltage level immediately after Initiating the spark ac- 
tion is generally constant irrespective of the amount 
of the stray capacity charge left in the spark plugs. 
However, it is appropriate to output the reset pulse 

10 signal during 50 - 1 GO ^s after initiating the spark ac- 
tion when considered that the time passes after ini- 
tiating the spark action to a degree that the Inductive 
discharge voltage has increased depending on the 
running condition of the internal combustion engine. 

15 In Fig. 4, the ignition coils 1, 2 are energized by 

the signal generator 42 as shown at <1). The ECU 
generates the reset pulse signal inrunediately after ini- 
tiating the spark action as shown at (2) in Fig. 4. This 
makes it possible to instantaneously release the 

20 sparkplug voltage of the spark plugs so as to set the 
reference voltage level to the ground voltage level as 
shown at (3), (4) in Fig. 4. The sparkplug voltage wa- 
vefbrm detecting circuit 6 holds the peak voltage level 
- stepped up after the end of the spark action, and out- 

25 putting a time signal as the attenuation time length 
necessary to descend the sparkplug voltage to half 
the peak voltage level as shown at (5) in Fig. 4 by way 
of illustratton. The distinction circuit 7 determines that 
the misfire occurs when a pulse width exceeds a pre- 

30 determined level as shown at (6) in Fig. 4. 

It is noted the sparkplug voltage detecting probe 
device is Incorporated into the dual polarity type DU 
in these embodiment of the invention, but it is as a 
matter of course that the probe device may be incor- 

35 porated into a single polarity type DU. The probe de- 
vice may be incorporated into an ignitor device in 
which a distributor is equipped. 

While the invention has been described with ref- 
erence to the specific embodiments, it is understood 

40 that this description is not to be construed in a limiting 
sense in as much as various modifications and addi- 
tions to the specific embodiments may be made by 
skilled artisan without departing from the scope of 
the inventton. 

45 

Claims 

1. A sparkplug voltage detecting probe device for 
so use in an internal combustion engine, the device 

comprising: 

a sensor provided to form a capacitance 
with a secondary circuit of an ignition coil which 
is connected to a spark plug; 
55 a sparkplug voltage divider circuit includ- 

ing a capacitor connected between the sensor 
and the ground; 

a release circuit including a resistor con- 
nected in paralell with the capacitor so as to pro- 
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vide a time constant of a RC path; 

a short circuit provided to instantaneously 
release an electrical charge from the capacitor 
either immediately before establishing a spark s 
voltage for the spark plug or immediately after ini- 
tiating the spark action of the spark plug; and 

a sparkplug voltage waveform detecting 
circuit which detects a sparkplug voltage wave- 
form divided by the sparkplug voltage divider cir- io 
cuit. 

Asparkplug voltage detecting probe device as re- 
cited in claim 1 . wherein the short circuit includes 
a transistor which is connected in parallel with the is 
release circuit 

Asparkplug voltage detecting probe device as re- 
cited in claim 1 , wherein the short circuit includes 
a first PNP transistor and a first NPN transistor 20 
each connected in parallel with the capacitor, 
each base of which is connected to an electronic 
control unit which generates a reset pulse to en- 
ergize either one of the two transistors imme- 
diately after initiating the spark action of the 25 
spark plug. 

Asparkplug voltage detecting probe device as re- 
cited in claim 3, wherein the short circuit further 
includes a second NPN transistor provided be- 30 
tween the first PNP transistor and the electronic 
control unit, a collector of the second NPN tran- 
sistor being connected to the base of the first 
PNP transistor, while a base of the second NPN 
transistor being connected to the electronic con- 36 
trol unit 

An electronic ignitk>n control device including a 
spark plug voltage detecting probe device ac- 
cording to any one of the preceding claims. 40 
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(g) A spark plug voltage detecting probe device for use in internal combustion engine. 

@ In a sparkplug voltage detecting probe device ^ 
for use in internal combustion engine, a sensor 
is provided to fonm a static capacity between 
the sensor and an ignition coil which Is connec- 
ted to a spark plug. A sparkplug voltage divider 
circuit has a capacitor connected between the 
sensor and the ground. A release circuit has a 
resistor connected in parallel with tiie capacitor 
so as to provide a tinne constant of a RC path. A 
short circuit is provkied to instantaneously re- 
lease an electrical charge from the capacitor 
either immediately before establishing a spark 
voltage for the spark plug or immediately after 
initiating tiie spark action of die spark plug. A ^ 
sparkplug voltege waveform detecting circuit 
detects a sparkplug voltege waveform divided 
by the sparicpiug voltege divkier circuit, e.g. to 
detect misfire. 
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